Proc. roy. Soc. Med. Volume 64 May 1971 (Grumbach 1969 , Batten 1969 , there is a possibility that the relapse rate folowing relatively short courses of treatment with rifampicincontaining regimens might be lower than has been obtained with other drugs. This possibility is under current study in East Africa. REFERllNCES UaltmJ C (1969) (1970) Bull.kWldHth Org. 43, 143 Dr R F_m Wf sl (Department ofClinical Microbiology, St Tomas' Hospital, London SEJ) This paper describes preliminary work designed to assess the biological significance of mercury resistance as a factor i the survival ability of staphylococci within the antibiotic-laden hospital environment.
Relationship ofMercury Resistance to Multiple Antibiotic Resistance
This survey was carried out on the 256 epidemiologically distinct strains of tetracycline-resistant staphylocci described previously (Wliams 1967) ; it was confined to tetracycline-resistant strains because: (1) The term multiple-resistance in staphylococci indudes tetracycline resistance.
(2) Naturally-occurrng penicillin resistance is now an extremely common feature of staphylococci. As strains that are resistant to penicillin 'Preont addres: Monsall Hospital, Newton Heath, Manchester 10 only are y mercury-senstive, their inclusion would have the survey heavily in favour of moc y sitivity.
The sutains were ali tested with Mastinp carrying a standard group of antibiotics: benzylpenicilin (P) 4 unit;s (8S) 25 mg; tetracycine (1) 50 g; chiormpmicol (C) 50 pg; erythromycin (E) 5 pg; neomycin (N) 30 pg; novobiocim (Nv) 5 p Methicillin (Cl) sensitivity was tested separately on salt-ar plates with discs (Mast) impregnated with 10 pg cloxacillin (Churcher 1968). In the later experiments detaie in this paper strains were also tested with discs impregnated with 10 pg of fusidic acid (F).
These 8 ant tib s (not incluing fusidic acid) were used because they are the ones to which staphylococci have been most subjected for a nwnber of years, and buse the majority of them serve as useftul makers of staphylococcal behaviour. , Richmond et al. 1964 ). Furthermore, a relationship between macrolide antibiotic resistance and penicillin resistance has been described by Hashimoto et al. (1964) and Richmond (1968) . More surprising is the behaviour of mercurysensitive strains in relation to these commonlyused antibiotics. A very small proportion, 1V5 %, is resistant to tetracycline only, over 50% are resistant to 2 antibiotics (PT) and nearly 28% resistant to 4 antibiotics (mainly PSTE); but a remarkably small proportion (10%) shows resistance to 3 antibiotics (mainly PST). This is in marked contrast to mercury-resistant strains, among which resistance to 3 antibiotics (mainly PST) is predominant.
Possible reasons for these differences are:
(1) The high proportion of strains resistant to 2 antibiotics (PT) may be due to the large number of naturally penicillin-resistant strains that can develop additional resistance to tetracycline within a hospital. The type of resistance to tetracycline in mercury-sensitive strains is possibly adaptive in origin (Williams 1967).
(2) The comparatively few strains resistant to PST are strains naturally resistant to penicillin which can acquire adaptive resistance to tetracy-cline and streptomycin (Bliss & Alter 1962), but which have been isolated from hospitals where streptomycin is not extensively used.
(3) Because the majority of erythromycinresistant strains are also resistant to PST (PSTE resistance accounting for the majority of strains resistant to 4 antibiotics), it is possible that mercury-sensitive strains must undergo a mutation or other genetic change before they can achieve resistance to 4 or more drugs.
But whatever the explanation for the differences between the two groups of strains, it is clear that mercury-resistant staphylococci enjoy a decided advantage in their ability to become multiply resistant to antibiotics.
Methicillin-resistant Staphylococci
An examination of the 4 methicillin-resistant strains among the 256 tetracycline-resistant strains analysed in Fig 1 shows that they are resistant to 4, 5 or 6 of the antibiotics used and that they are all mercury-resistant. A further 31 methicillin-resistant strains were therefore collected from various centres and subjected to the same analysis (Table 1) . Only two of the strains were mercury-sensitive and these were resistant to 4 and 5 antibiotics respectively. Of the 29 mercury-resistant strains, 13 were resistant to 4 antibiotics and nine to 5 antibiotics.
The analysis of methicillin-resistant staphylococci recently reported by Ridley et al. (1970) shows an interesting parallel; 17 out of 28 strains were resistant to 4 antibiotics, though an examination of mercury resistance or sensitivity was not reported. None of these strains was included in this survey.
Strains Resistant to Fusidic Acid
A representative group of clinically isolated staphylococci resistant to fusidic acid was also examined ( Table 2) . This group was included because of the lack of any consistent relationship between fusidic acid resistance and other pattans of antibiotic resistance, and also because of the appearance of fusidic acid resistance in the experiments described below.
The results show that this type of resistance occurs without correlation with mercury resistance and, indeed, the highest minimum inhibitory concentration of fusidic acid (over 100 jig/ml) encountered in this laboratoryisseen inconnexion with a staphylococcus of phage type 71. Fusidic acid (or its derivative sodium fusidate) obviously differs from other antibiotics because of its steroid structure. But it may also be regarded as 'different' in the sense that resistance to sodium fusidate appears capriciously without any consistent association with well-recognized staphylococcal markers (Williams & Richardson, unpublished observations).
Treatment ofStaphylococcal Strains with Mercuric Chloride
Because of the important relationship of mercury resistance to antibiotic resistance, the effects of treating staphylococcal strains with increasing concentrations of mercuric chloride were investigated.
Staphylococcal strains were passaged throughincreasing concentrations of mercuric chloride in peptone water. It was found that the use of cups or wells with surface growth necessitated much harvesting and subculturing, thus complicating the experiment; and there was no control over the concentration of mercuric chloride impinging on a particular aliquot of growth at any given stage. The final concentrations of mercuric chloride used were 5, 7 5, 10, 13-75, 20, 27, 40, 53-5, 80 and 106 pg/ml in 1 ml amounts in metal-capped 4 x 1 inch test-tubes.
A standard inoculum (0'02 ml) of overnight broth culture was placed in the first tube, and when visible growth had occurredoften after several days and, in many cases, not at all -la similar inoculum was placed in the next higher concentration of mercuric chloride in peptone water. Aliquots of growth at each mercuric chloride concentration were stored on slopes and examined. Where relevant, the concentration at which growth ceased was noted. The temperature of 30°C was selected because growth at 20°C was extremely slow and growth in increasing concentrations of mercuric chloride was less consistent at 37°C than at 30°C. Most of the strains used were passaged only once through each concentration, but a few selected antibioticsensitive strains were passaged repeatedly at various concentrations.
Results: Five groups of staphylococcal strains were examined. In addition, 10 antibiotic-sensitive strains of Escherichia coli isolated from a case of urinary infection were pasad but failed to grow at concentrations higber than 13-75 pg/ml of mercuric chloride. This is consistent with the findings of Schaechter & Santomassino (1962) . The results of the attempts to passage the staphylococcal strains are as follows:
(1) Antibiotic-andmercury-sensitive strains (12 strains):
Eight would not grow at concentrations of mercuric chloride higher than 5 tLg/ml. The remaining 4 strains were able to grow at concentrations of 40 (2), 53-5 (1) and 80-0 j±g/ml (1) after gradual stepwise 'training'. The effects of this induction on these strains will be described later in more detail.
(2) Phage Group II strains (10 strains, iding 3 isolated from cases of pyomyositis): There was no growth at 5 ,ug/ml mercuric chloride in 2 strains, 7 could grow only at 5 jg/ml, and one strain grew at 7-5 Fg/ml. This is taken as a reflection ofthtpersistent mercury sensitivity of clinically isolated Group II strains.
(3) Strains resistant to fusidic acid (10 strains): Only half could grow at concentrations ofmercuricchloride higher than 5 tLg/ml: one at 80 and 4 at 106 ,ug/ml (see also Table 2 ). (4) Mercury-sensitive, antibiotic-resistant strains (7 strains): Two could grow in broth contaiing meruric chloride at a concentration of 106 jig/ml; the remaining 5 could only grow at concentrations of 5 lAg/ml or less. (5) Mercury-resistant, multiply antibiotic-resistant strains (7 strains): One strain grew at a concentration of 53-5, 2 at 80-0 and 4 at 106 jxg/ml mercuric chloride.
None of the strains within these groups that were able to grow in the higher concentrtions of mercuric chloride (with the exception of 3 strains described below) showed any alteration in antibiotic resistance patterns.
Effects of repeated passages through mercuric chloride on antibiotic-sensitive staphylococcal strains: Four strains were found to be capable of growth in the presence of increasing concentrations of mercuric chloride: NCTC 7447; R14, a clinically isolated fully antibiotic-sensitive strain; Pa2 and Pa6, fully antibiotic-sensitive strains preserved in 1940 (Miller & Simons 1962) , When it became clear that these 4 strains were capable of growth in increasing concentrations ofmercuric chloride they were subjected to numerous repeated passages at various concentrations and tested for appearance of antibiotic resistance and other changes. Strain Pa6, phage type 187 (at 1,000 x RTD), did not show any observable change within the parameters of this experiment.
With repeated passage through mercuric chloride peptone water, strains NCIC 7447, Pa2 and R14 showed evidence of lytic phage action. This bacteriophage action was accom-the current set of typing phages together with alterations in colonial pigmentation, and emergence of various resistance patterns which were augmented or depleted with further passages through mercuric chloride. Phage typing was carried out by the method of Blair & Williams (1961) .
With all these strains, repeated passage eventually resulted in the appearance of white coagulase-negative antibiotic-resistant variants. The results of the disc test for mercury resistance (Green 1962) are of interest, because many of the variants derived by multiple passage gave a sensitive reaction, even after they had been induced to grow in high concentrations of mercuric chloride. When the derived variants developed an unequivocal resistant reaction to the phenylmercuric nitrate disc, the change was invariably associated with loss of ability to grow on mannitol salt agar and with loss of coagulase reaction. In other instances where the mercury test gave a sensitive result, strains lost susceptibility to typing phages and became coagulasenegative, but retained ability to grow on salt agar.
These changes, resulting as they do in loss of phage pattern and coagulase reaction, make it difficult to provide absolute proof of the relationship between variants and the untreated parental bacterium, but they occur consistently and repeatedly with the strains examined. More extensive investigations of this point are in progress.
Discussion
Though much attention has been focused on the significance and interrelationships of mercury resistance in Staphylococcus aureus, many areas remain unexplored and no completely satisfactory explanation of its biological significance has yet been put forward. It is difficult to imagine a natural situation in which mercury resistance can confer a specific biological advantage in a bacterium, unless it is taken as a marker of some other physiological property as yet unelucidated. If this is so, then mercury resistance is a fortuitous occurrence and, indeed, was fortuitously discovered (Moore 1960).
There is little doubt about its importance as a survival factor within the hospital environment. It is a recurrent feature of 'epidemic' staphylococci, and it has been suggested that the mercury resistance marker is a necessary property of donor strains in successful transduction experiments, particularly in regard to transfer of tetracycline resistance (Williams 1967).
That mercury resistance has a far-reaching influence on development of antibiotic resistance patterns is shown by the analysis of tetracyclineresistant strains described above. The differences are so marked as to suggest that the various patterns of resistance acquired by mercuryresistant and mercury-sensitive strains may come about by different mechanisms, and that the mercury-resistant group are by far the most versatile in this respect (for example, the acquisition of methicillin resistance).
Three ways in which resistances can develop are:
(1) A low frequency of pre-existing individuals that are naturally (genetically) resistant to the agent under review. These can be selected by exhibition of that agent.
(2) An adaptive mechanism whereby resistance develops through prolonged contact with the selective agent, a process which may be preceded by selection of mutants that are capable of developing adaptive changes (Drabble & Hinshelwood 1961) .
(3) Unmasking of pre-existing, though hitherto inapparent, genes as a result of some environmental constraint.
All three could account for development of phenotypic resistance to mercury alone, but it is necessary to account also for the association of mercury resistance with the other factors that have been described.
The first mechanism would require a successive selection of pre-existing individual bacteria by a variety of differing agents (mercury, penicillin, tetracycline, erythromycin, &c.) by such a method that the genes are interrelated in the ways that have been described (or, alternatively, that widespread and free interchange of genetic material can take place between staphylococci). The second mechanism would require a scope and degree of adaptive change that has, so far, not been demonstrated and is countermanded by the existence of the specifically identifiable genes and plasmids involved.
The third possibility, namely a physiological injury unmasking hitherto unexpressed genes, is a possible cause of mercury resistance. As has been shown, only certain staphylococci could be induced to grow in increasing concentrations of mercuric chloride. Of the 12 antibiotic-sensitive strains, only 4 became tolerant to mercury and 3 of these ultimately developed antibiotic resistance and other changes. Thus, this small group of staphylococci shows three different modes of behaviour when treated with mercuric ionsinability to become tolerant, acquisition Those strains that failed to develop tolerance belongd to a variety of phage patterns comprising reactions in Groups I and III, but no consistent feature could be identified. The strain that became tolerant without showing any subsequent change belonged to phage type 187 (at 1,000 x RTD). The phage patterns of the 3 parental strains that later developed resistance and other changes were 42D, 29/77 (at 1,OOOxRTD) and 29/52/52A/80 (at 1,000 x RTD) respectively.
These three phage patterns are not infrequently found in clinically isolated mercury-resist strains of staphylococci. This suggests that ability to develop tolerance to high levels of mcuric chloride may be possessed only by staphylococci susceptible to certain bacteriophages, and that this ability (accompanied as it generally is by multiple resistance to antibiotics) is genetically determined. The strain lysed by phage 187 did not show any change in the experiments other than developmnt of tolerance to mercuric chloride, and staphylococci of phage type 187 that are isolated clinically are usually mercurysensitive and are sensitive to antibiotics.
The conditions of the experiment were artificial in that the duration and degree of exposure to mercuric chloride were far in excess of anything that would be encountered naturally and the strains were assailed with mercuric ions only, whereas under hospital conditions there would be additional exposure to antibiotics and other agents. In addition, the extent of injury was such that some of the derivatives could no longer be identified as Staphylococcus aureus per se.
However, the evidence suggests that, in some cases at least, antibiotic resistance can emerge as a result of biochemical injury and it is possible that agents other than mercuric chloride can inflict such injury. 
Cbemotheapy of Vhis Infecdons [Abstract]
Until quite recently the control of virus diseases has been entirely dependent upon vaccinition. Notable successes have been achieved, but it is becoming clear that the immunological approach does not provide the complete answer to the problem, and it is therefore fotunate tha specific chemotherapy is becoming available, for both prevention and treatment of virus diseases.
In general, virus diseases cannot be treated with vaccines or antisera, but there is no theoretical obstacle to the treatment of viru dis with drugs, since the situation does not differ from the treatment of infectious diseases caused by other kinds of agents. If a virus disease can be ,trted, it should be possible to prevent it by administering the specific drug during the incbation period. Treatment may not be possible for practical reasons, but such diseases could still be controlled by prophylaxis. There is, however, a large class of virus infections in which cbemotherapy may not be possible. These include upper respiratory infections and the febrile ilnesses prevalent in the tropics; although specific treatment may be available, the diaosis cannot be made with sufficient precisionon clinical grounds, and diseases of this type will only
